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APEX MILL FLOWSHEET DESCRIPTION

The ore from the Apex mine is transported by truck to the Apex mill. There
it is stockpiled until required for feed. The ore is moved from the stockpile
by front end loader where it enters the grinding circuit.

Grinding

Prior to shipment to the mill, the ore is crushed to 3/4 inch in diameter.
At the mill, the ore is ground wet in a ball mill using steel grinding balls.
The discharge from the grinding mill is screened, with the oversize particles
returning to the mill, and the fine particles passing to the next step. After

passing the grinding-screening step ore particles are less than 0.01 inch
diameter.

Carbonate Removal

The ore contains 6% carbonate in the form of calcite (CaCO,) and dolomite
{MgCO5;). Because the carbonate interferes with the subsequent beneficiation
steps it is removed by giving the ore an acid wash. This is accomplished in a
large agitation tank to which a weak solution of sulfuric acid is added.

lst Stage Leach

After carbonate removal the ore enters the first stage leach circuit. This
circuit consists of 17 tanks arranged for series flow. Sulfuric acid is added
to the first 14 tanks to maintain an acid strength of 30 g/l H,SO,. Sulfur
dioxide is also added to assist in the leaching. No acid or sulfur dioxide is

added to the last three tanks allowing acid concentration to drop to less than
20 g/l sto‘- :

Most of the germanium is leached in the first stage leach circuit.

Thickener No. 1

Thickener No. 1 is a settling vessel which receives the discharge from the
first stage leach circuit. The solids settle to the bottom of the vessel and are
pumped to second stage leach circuit. The clear liquid overflows the vessel and
goes to the gypsum precipitation circuit.

2nd Stage Leach

The second stage leach circuit is a series of five agitation tanks. The
solids from Thickener No. 1 are mixed with sulfuric acid and sulfur dioxide. The
acid concentration is 70-90 g/l H,SO,.
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The remainder of soluble germanium is leached in the second stage leach
circuit.

Thickener No. 2

Thickener No. 2 receives the discharge from the second stage leach circuit.
The solids settle and are pumped to the third stage leach circuit. The clear
liquid overflow is returned to first stage leach circuit.

3rd Stage Leach

The third stage leach circuit is a series of three agitation tanks. The
solids from thickener No. 2 are mixed with sulfuric acid at a concentration of
300 g/l H,S0,. -

Much of the gallium is leached from the ore in this stage.

Thickener No. 3

Thickener No. 3 receives the discharge from the third stage leach circuit.
The solids are settled and pumped to the belt filter. The liquid overflow is
returned to the second stage leach circuit. '

Belt Filter and Repulp

The belt filter is a horizontal vacuum filter. The solids from thickener
No. 3 are filtered and washed, after which they are reslurried with water. These
tailings are then pumped to a neutralization circuit. The filtrate and the wash
liquid are returned to thickener No. 3.

Gypsum Precipitation

The liquid overflowing thickener No. 1 contains germanium, gallium, and
copper as well as impurities. One of the impurities is gypsum. By holding the
solution for an extended period of time in a quiet tank much of the gypsum

settles out and can be removed. This gypsum removal operation reduces problems
downstream. -

Clarifier
The clarifier is a second settling tank which allows additional time for

gypsum and other solids to settle and be removed. .

Copper Solvent Extraction

The copper solvent extraction circuit is a system of agitation tanks and
settlers. Here the clarified leach solution is mixed with an organic liquid,
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which has an affinity for copper. The copper is removed from the leach solution
and eventually is isolated in an acid solution. The leach solution, which

remains after the copper extraction step, goes to the gallium solvent extraction
circuit.

Copper Electrowinning

The acid solution containing the copper is pumped to a copper electrowinning
cirecuit. Here the copper is plated, electrolytically, to stainless steel
cathodes. The copper plates are periodically stripped, packaged, and sold.

Gallium Solvent Extraction

The gallium solvent extraction circuit is similar to the copper circuit.
An organic liquid with an affinity for gallium is used. The gallium is separated
from germanium and the bulk of impurities in the leach solution. The leach
solution, which remains after the gallium solvent extraction step, goes to the
germanium solvent extraction circuit.

Gallium Purification and 2nd Solvent Extraction

In order to be marketable, gallium must be very pure. This is achieved in
a series of purification steps including a second solvent extraction stage. The
purification steps essentially remove all impurities from the gallium solution.

Gallium Electrowinning

Gallium metal is recovered from solution by electrowinning. The metal is
collected, packaged and sold.

Germanium Solvent Extraction

The germanium solvent extraction circuit separates germanium from the
remaining elements in the liquid. A combination of organic reagents with a
strong affinity for germanium is used. The germanium is isolated with minor
amounts of impurities in an alkaline solution.

Germanium Precipitation

Germanium is precipitated from the alkaline solution by neutralizing it with
a sulfuric acid solution. The precipitate is sodium germanate, a white
crystalline compound. Occasionally an excess of impurities will be co-
precipitated with the sodium germanate. When this Happens the sodium germanate
is dissolved in a caustic solution and re-precipitated.

The sodium germanate is filtered from the liquid, dried, packaged and sold.
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Neutralization Circuit

The leach solution which remains after the germanium precipitation step, is
moderately acidic and contains heavy metals which were dissolved in the solution.

This solution is treated in the neutralization circuit. Limestone is used
to destroy the acid, causing the pH to rise to 4.5. Slurried lime is then added
to immobilize the heavy metals. The treated effluent is pumped to tailing ponds.
Analyses to date indicate that this effluent does not exhibit any RCRA hazardous
waste characteristics.
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Typical feedstock during Hecla Mining Company operations during the
Gallium/Germanium operations.

Ga - 0.043%

Ge-0.115%
Cu-133%
n-142%
Fe - 25.3%
As—-0.74%
Si102 -45.5%
CO2-1.61%
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OVERSIZED DEBRIS
RECYCLED TO TROMMEL
OR DEPOSITED IN
LINED DISPOSAL POND

SIZED AND UNTREATED
SOLID WASTE

FROM LOADER TO FEED HOPPER

‘ p — MAKEUP WATER

2
= J @ — AIR IF REQUIRED FOR IRON OXIDATION

¢ ®
®

®

®

EQUIPMENT LIST (PRELIMINARY)
ITEM | DESCRIPTION
(1) | SMALL FRONT END LOADER OR BACKHOE
(POSSIBLY AN AUGER
OR_CONVEYOR SYSTEM)
(2 RECEIVING HOPPER
3 VIBRATING FEEDER
D TROMMEL MILL
(OPTION = GRIZZLY & VIBRATING
SCREEN_SYSTEM)
(s FEED HOPPER (DAY USE SIZE)
() | FEEDFR/SCALE
(7) | PILOT SIZE MILL
0 SLURRY PUMP .
$) | LIME FEED SUMP
(19 | sump MIXER
() | NEUTRALIZATION REACTOR
(4000 CALE, 8' DIA)
(12 LIME STORAGE /FEED SYSTEM
(13 LIME_SLURRY TANK W/MIXER
14) | LIME FEED PUMPS (4 POINTS)
(8 | AIR BLOWER/SILENCER SYSTEM
(18) | EXISTING DISPOSAL POND AND WASTE
(7)__ [ 0OUBLE LINED DISPOSAL POND
(18} | DRAFT FAN AND EXHAUST STACK
NOTES:

1. LIQUID WASTE WILL BE PUMPED
DIRECTLY INTO THE BALL MILL FOR
INITIAL ADDITION OF LIME.

2. FOLLOWING TREATMENT, THE WASTE
MAY BE FURTHER DEWATERED USING
A DISC FILTRATION UNIT.
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APEX PROJECT — TREATMENT SYSTEM

PRELIMINARY PROCESS FLOW SHEET

NOV, 1989
L

- STEFFEN ROBERTSON & KIRSTEN, Consulting Englneers
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MECHANICAL] _____ S
DEWATERING ~ " "~ =3
(OPTIONAL)

EQUIPMENT LIST (PRELIMINARY)

DESCRIPTION

SMALL FRONT END LOADER OR BACKHOE

(POSSIBLY AN AUGER

OR_CONVEYOR SYSTEM)

RECEIVING HOPPER

VIBRATING FEEDER

TROMMEL MILL

(OPTION = GRIZZLY & VIBRATING

SCREEN SYSTEM)

FEED HOPPER (DAY USE SIZE)

FEEDER/SCALE

PILOT SIZE MILL

SLURRY PUMP

SLURRY TANK

SLURRY_MIXER

NEUTRALIZATION TANK

INTERTANK PIPING W/FLEXIBLE HOSE

LIME STORAGE/FEED SYSTEM

LIME SLURRY TANK W/MIXER

LIME FEED PUMPS (4 POINTS)

AIR BLOWER/SILENCER SYSTEM

EXISTING STORAGE POND

DOUBLE LINED DISPOSAL POND

EXHAUST STACK AND FAN

NOTES:

SECOND AND THIRO NEUTRALIZATION
TANKS MAY BE COVERED AND VENTED
WITH DRAFT FAN TO DISSIPATE AMMONIA.

APEX PROJECT — TREATMENT SYSTEM

C3]
Nov, 1989

GENERALI ZED NEUTRALIZATION
TREATMENT SYSTEM

STEFFEN ROBERTSON & KIRSTEN, Consulting Engineers
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